Introduction {#s1}
============

Immunostimulants and growth promoters consisting of herbs or their extracts, are frequently administered to farmed fishes (Harikrishnan et al., [@B26]; Chakraborty et al., [@B15]; Van Hai, [@B46]). In fact, when added to diet, they have proven to be effective in a dose dependent manner in stimulating their immune system and improving growth performances (Harikrishnan et al., [@B26]; Chakraborty et al., [@B15]; Van Hai, [@B46]; Vallejos-Vidal et al., [@B45]). According to Reverter et al. ([@B39]) plants belonging to the order Lamiales (family *Lamiaceae*) are the most studied for their application in aquaculture, and had the highest number of species displaying immunostimulant activity. However, *U. dioica*, a polyvalent plant belonging to the order Rosales, that has a long history of traditional medicinal uses in many countries in the world (Ahmed and Parasuraman, [@B1]), seems to possess unexpected biological properties useful also for aquaculture. Such an emerging feature, together with cost-effectiveness, adequate availability, and easy processing, could make this herb an excellent, inexpensive and widely used dietary supplement on intensive farms. Unfortunately, despite its great potentials as multi-purpose crop under a low input cultivation, *U. dioica* is today an underestimated and frequently neglected plant, considered by the contemporary agriculture as a weed to be eliminated (Di Virgilio et al., [@B21]). Furthermore, the literature concerning its use in fishes is still fragmentary, which could limit the effort for studying the application of this plant in aquaculture. This mini review focus on very recent studies on dietary administration of *U. dioica*, both as a single herb or in combination with other herbs, to enhance growth and stimulate farmed fish immunity, thus enabling the fish to be more resistant against bacterial infections.

Botanical pharmacology of *U. dioica* {#s2}
=====================================

*Urtica dioica* (stinging nettle), is a perennial plant belonging to the genus *Urtica* of the family *Urticaceae* (Ahmed and Parasuraman, [@B1]). The stem is erect and green, quadrangular, with lacunar collenchyma at each corner. Fibrovascular bundles could be 12--20 (Corsi and Masini, [@B18]). The leaves are dark-green above and paler beneath, oblong or ovate, opposite, cordate at the base, finely toothed (Testai et al., [@B42]). Stinging trichomes cover both stems and leaves, and contain a fluid enriched in histamine, acetylcholine, and serotonin (Tuberville et al., [@B43]). The small dioecious flowers are either male or female in separate inflorescences, brown to greenish in color, occurring as racemes in the axils of the upper leaves and flowering from May to September every year (Corsi and Masini, [@B18]; Ahmed and Parasuraman, [@B1]). A rhizome is present and the root is usually biarch (Corsi and Masini, [@B18]). Flavonoids, tannins, volatile compounds, fatty acids, polysaccharides, isolectins, sterols, terpenes, protein, vitamins, and minerals are among the main chemical constituents of *U. dioica* (Joshi et al., [@B28]). In this context, flavonoids and caffeic acid derivatives contribute to the anti-inflammatory, antioxidant and analgesic activities of *Urtica* leaves extracts **(**Chrubasik et al., [@B16]). In particular, the anti-inflammatory effect of ethanolic extracts of *U. dioica leaves* is caused by inhibition of NF-kB pathway, which ultimately regulates inflammatory cytokine release (Chrubasik et al., [@B16]). On the other hand, patient with benign prostatic hyperplasia (BPH) may benefit from nettle *root* extracts treatment thanks to at least three different mechanisms: (1) Lignans from an aqueous nettle root extract that inhibit the binding of Sex Hormone Binding Globulin (SHBG) to receptors on human prostatic membranes, which are involved in BPH pathogenesis (Chrubasik et al., [@B17]; EMA, [@B22]); (2) chemicals found in a heptane fraction of *U. dioica* extracts inhibited aromatization of androstenedione, thus interfering with the conversion of testosterone into estrogen, a well-known mechanism in BPH pathogenesis (Chrubasik et al., [@B17]; EMA, [@B22]); and (3) inhibition of aromatase gene expression may also be involved in the nettle root effect (Chrubasik et al., [@B17]; EMA, [@B22]). The immunomodulating activity of *U. dioica* seems to be ascribable to its polysaccharide and lectin fractions, able to stimulate proliferation and interferon secretion of human lymphocytes (EMA, [@B22]). Finally, from a nutritional point of view, *U. dioica* leaves contain considerable amounts of essential amino acids, essential fatty acids, minerals, and vitamins (Rutto et al., [@B40]).

Ethnoveterinary use of *U. dioica* {#s3}
==================================

The use of nettle in folk veterinary medicine is well documented and it is difficult to give an exhaustive view in this short paper. Briefly, in Europe, ethno-veterinary reports documented the use of *U. dioica* at least in Italy, Switzerland, Spain, and Austria (Disler et al., [@B20]). In Italy and Spain *U. dioica* was administered to chickens and turkeys as growth promoter and to stimulate hens to lay (Viegi et al., [@B47]; Bonet and Valles, [@B11]; Benítez et al., [@B6]). In some Italian regions, pigs were fed with boiled nettle to improve their resistance to infectious diseases; furthermore, *U. dioica* tips along with *Malva sylvestris* were also given to cows as a decoction after calving (Viegi et al., [@B47]). In Switzerland, stinging nettle orally administered to animals (both as raw material and infusion), improves general strengthening and is used for curing genital, gastrointestinal, skin and metabolic disorders (Disler et al., [@B20]). *U. dioica* is also used in traditional veterinary medicine in Canada, where it is given to ruminant to improve fertility and in pregnant and lactating ones to provide trace minerals and as tonic (Lans et al., [@B32]). In India, animal disorders, such as haematuria, rheumatism, neck sore, infertility, bone fracture, wounds, sprains, lactation, abdominal pain, and internal injury, are also cured with nettle (Pande et al., [@B38]).

*U. dioica* as growth promoter and immunostimulant in fish {#s4}
==========================================================

Bacterial infections are considered the major cause of growth retardation and/or mortality in aquaculture for which prevention is the most important measure (Madhuri et al., [@B33]).

Most of the studies concerning the use of *U. dioica* as growth promoter and immunostimulant in fish, involved species of either economic interest, such as *Oncorhynchus mykiss*, or endangered (*Labeo victorianus, Huso huso*) and even ornamental fish (*Carassius auratus*).

*Urtica dioica* as immunostimulant and growth promoter in *O. mykiss*
---------------------------------------------------------------------

Major producing countries of *O. mykiss* include Chile, Italy, Norway, France, Spain, Denmark, Germany, Iran, USA, and the UK. In 2015 the global aquaculture production of *O. mykiss* reached about 762,000 tons (FAO, [@B23]).

According to Awad and Austin ([@B2]) feeding Rainbow trout with a diet including 1% stinging nettle significantly reduce mortalities after challenge with *Aeromonas hydrophila*. Furthermore, in the group fed *U. dioica* they also reported an increase in values of haematocrit, hemoglobin, antiprotease, total protein, serum bactericidal activity, respiratory burst, myeloperoxidase, complement, and lysozyme activity (Awad and Austin, [@B2]).

More recently, Saeidi asl et al. ([@B41]) demonstrated that *O. mykiss* juveniles receiving 3% *U. dioica* dietary supplementation improved weight gain, growth rate and feed conversion ratio. Furthermore, hematological responses including: haematocrit (Htc), hemoglobin (Hb), lymphocyte, neutrophil populations, and total red blood cells, mucus bactericidal activity, significantly increased after 8 weeks in the nettle group (Saeidi asl et al., [@B41]). In the same experiment the cumulative mortality of rainbow trout juveniles subjected to *Yersinia ruckeri* infection exhibited a significantly low mortality levels in *U. dioica* group compared to controls, suggesting that dietary administration of *U. dioica* enhanced growth and stimulated fish immunity (Saeidi asl et al., [@B41]).

Awad et al. ([@B3]) also demonstrated that feeding rainbow trout for 2 months with a diet containing 1--2% of a mixture of herbs (*Lupinus perennis, Mangifera indica*, and *U. dioica*) resulted in weight gain, fish length and growth rate significantly higher in treated fish than in control ones. Immune parameters such as lysozyme, antiprotease, total protein, myeloperoxidase, bactericidal activity, and IgM titers were also enhanced by adding 1% nettle extract (Quercetin) to trout diet (Awad et al., [@B4]).

Bilen et al. ([@B7]), fed three different groups of trout for 30 days with diets containing three different concentrations of a nettle extract. At the end of the feeding trial, rainbow trout were challenged with *A. hydrophila*, resulting in a fish weight, growth rate, and survival rate higher in treated groups than in control group (Bilen et al., [@B7]). Furthermore, all measured immune parameters improved after dietary administration of nettle extract, with a significantly higher level of phagocytic, lysozyme and myeloperoxidase activity compared to control (Bilen et al., [@B7]).

*Urtica dioica* studies in *Labeo victorianus* and *Beluga sturgeon* (*Huso huso*), two "critically endangered species" of economic and social relevance
--------------------------------------------------------------------------------------------------------------------------------------------------------

Currently, *L. victorianus* and *Beluga sturgeon (H. huso)* are both listed at the International Union for Conservation of Nature (IUCN) as "critically endangered species" (Maithya et al., [@B34]; Gesner et al., [@B25]; FishBase team RMCA Geelhand, [@B24]).

As far as *L. victorianus* is concerned, before the 1950s, it was a fished species of major commercial value in Lake Victoria (Ogutu-Ohwayo, [@B37]; Kembenya et al., [@B30]). Unfortunately, a combination of factors, including illegal fishing, overfishing, as well as competition with invasive alien species, led to a rapid collapse of the population in the late 1950s (Ogutu-Ohwayo, [@B37]; Kembenya et al., [@B30]). Currently, Kenya government supports aquaculture projects of this species in attempt to reduce the exploitation of residual natural populations and promote restocking (Kembenya et al., [@B30]). In this context, juveniles and adults of *L. victorianus* were challenged against *A. hydrophila* to assess the effect on growth performance and immune parameters of 5% *U. dioica* dietary supplementation of for 16 weeks (Ngugi et al., [@B35]). In particular, serum immunoglobulins, lysozyme activity and respiratory burst significantly increased, with fish survival reaching up to 95% after the bacterial challenge, a percentage significantly higher compared to the control group (Ngugi et al., [@B35]). Furthermore, adding nettle to diet, increased growth performance, hematological (red blood cell count \[RBC\], white blood cell counts \[WBC\], haematocrit \[Hct\], mean cell hemoglobin concentration \[Hb\]), biochemical (total serum protein and albumin), and immunological parameters in experimental fishes (Ngugi et al., [@B35]).

Historical data reported that the *Beluga sturgeon* (*H. huso*) used to live in the Pô river (Italy), in the Adriatic Sea and in the Danube river (Billard and Lecointre, [@B9]). In the last 40 years, stocks of sturgeons are dramatically decreasing due to overfishing and environmental degradation (Billard and Lecointre, [@B9]). Because of this decline, sturgeon aquaculture have been developed which hopefully may contribute to reduce fishing pressure and increase wild stocks (Bronzi et al., [@B12]). However, development of sturgeon farming was also accompanied by disease outbreaks, including those unknown prior to cultivation (Bauer et al., [@B5]). For that reason, lately, increased attention has been directed toward the use of immunostimulant in *Beluga sturgeon* aquaculture, in order to improve fish health (Jalali et al., [@B27]).

In this context, Binaii et al. ([@B10]) found that feeding beluga juveniles for 8 weeks with increasing amount of nettle in the diet (0--12%) resulted in a significant increase in neutrophils and Hb levels compared to the controls. Furthermore, the increase of the above parameters was dose-dependent, with 12% nettle group showing the highest Hb, RBC, WBC, Hct, respiratory burst activity, total immunoglobulin, and total protein values (Binaii et al., [@B10]). Other studies of Nobahar et al. ([@B36]) the effect of 1% *U. dioica* diet supplementation on juveniles of *Beluga sturgeon* with mean weight of 30 ± 0.5 g reared for resettlement. After 60 days treatment, Condition Factor, Hb concentration, Hct value, Neutrophils and Lymphocytes were significantly higher in fish fed nettle than in control group.

Ornamental fish
---------------

Production of aquarium fish is becoming an important business activity in aquaculture because of an incessant increase in demand for ornamental fishes by hobbyists from all over the world (Yanar et al., [@B50]). Unfortunately, as with other types of breeding, one of the major limiting factors is infectious and parasitic diseases (Kumar et al., [@B31]). In this regard, Bilen et al. ([@B8]) demonstrated that supplementing diet with 0.5 g/kg of a methanolic extract of *U. dioica* for 30 days is sufficient to increase non-specific immune response of gold fish (*C. auratus*) with an increased superoxide anion production, lysozyme, myeloperoxidase, and phagocytic activity.

Conclusion {#s5}
==========

Among the food production sectors, aquaculture is the fastest growing in the world, and is expected to be the biggest source of food by the year 2030 (Brugère and Ridler, [@B13]; Carella and Sirri, [@B14]). Such an increase in fish farming, results in a parallel increase in outbreaks of infectious and metabolic diseases, which act as major limiting factors for aquaculture development (Wunderlich et al., [@B48]). In order to control mortality and avoid huge economic losses, fish farmers frequently adopt inappropriate practices, which disregard care for the environmental, animal and human health. Among them, the indiscriminate use of pesticides, disinfectants and antibiotics is of major concern (Valladão et al., [@B44]). For the above reasons, attention to a much more "natural" approach in aquaculture development is increasing worldwide (Xie et al., [@B49]). According to organic standards, health of the cultivated organisms shall be mainly guaranteed through preventive measures (i.e., optimizing management, feed, and diet). However, studies suggested that the use of disinfectants and antibiotics are not always effective in prevention or control diseases in aquaculture (Kumar et al., [@B31]). For that reason, to improve fish immunity and increase resistance to infectious diseases, immunostimulant are today routinely administered in fish farming (Kumar et al., [@B31]; Nobahar et al., [@B36]). However, the high cost of such additives and their impact on ecosystem health, risks becoming deterrent to their use, and the search for cheaper and more natural compounds is an urgent necessity for modern aquaculture. In this context, large numbers of plants have been proven to be rich sources of cheaper immune-enhancing and growth promoter substances, with a wide therapeutic and preventive spectrum of activity, potentially useful in solving the multiple health problems that characterize aquaculture (Karatas et al., [@B29]; Kumar et al., [@B31]). According to our knowledge, the effects of dietary nettle as growth promoter and immunostimulant in fish were examined in this brief survey. The review of the literature, thought limited, provides evidence for the effective immunostimulant use of nettle in aquaculture, and open new perspective for the use of *U. dioica* as cost-effective adjuvant therapy added to fish food to prevent diseases and increase growth. However, the biological properties reviewed in this paper, perhaps represent only the tip of the iceberg of possible uses of nettle in aquaculture: some recent studies show, for example, the great efficacy of nettle extracts against the main pathogenic bacteria for fish in aquaculture (Dar et al., [@B19]). Thus, it is hopeful that further studies involving determination of optimal doses, the active principle of the plant extract and feeding protocols for food additives could led to widespread application of *U. dioica* in current aquaculture.
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